Objective In the hospital setting, several studies have reported proton pump inhibitor (PPI) overuse, a majority of which is continued after discharge. In addition to being expensive, PPIs are associated with an increased risk of infections, osteoporosis and serious drug interactions. We examined the trends and predictors of PPI guidelines non-compliance among academic and non-academic hospitalists in USA. Methods and Patients Oral PPI prescriptions initiated by 2 academic and 2 non-academic hospitalist groups were reviewed. Prescription indications were recorded when explicitly stated in the chart. Otherwise, qualified physicians reviewed the chart to make such determination. Indications were then compared to the published guidelines. Several variables were tested to determine independent predictors of initiation and post discharge continuation of guideline non-compliant prescriptions. Results Of the 400 PPI prescriptions 39% were guideline compliant. Academic hospitalists were significantly more compliant with PPI prescription guidelines (50 vs 29%). Gastrointestinal ulcer bleeding prophylaxis (GIP) for low risk patients was the most common indication for non-compliant prescriptions, while that of guideline compliant prescriptions was dyspepsia treatment. Independent predictors of the initiation of guideline non-compliant prescriptions were non-academic hospitalist group, PPI indication not documented in the chart, and GIP as part of the admission orderset. The latter was an independent predictor of those prescriptions continuation post-discharge (protective) in addition to non-academic hospitalists group. Conclusion Hospitalists overprescribe PPI to a level comparable to that of the non-hospitalist providers in the literature. Understanding the determinants of increased compliance among academic groups is instrumental to design interventions aimed at increasing PPI prescription compliance.
Introduction
In an era of heated healthcare reform debate about the cost and safety of healthcare delivery, it is important to address all sources of inappropriate healthcare expenditure (1) . As our healthcare system and its incentives continue to progress toward alignment with value-based high-quality care in the hospital setting, hospitalists are called upon to lead change to transform the system to one that provides highvalue safe care for all (2) . Several studies have documented that the hospitalist model has had a significant impact on hospitals' healthcare quality and is associated with better performance on many Hospital Quality Alliance (HQA) indicators, hospital length of stay, and ED throughput among other quality improvement measures (3) (4) (5) .
Since the introduction of the first proton pump inhibitor (PPI) in the late 1980's, the use of PPIs has increased expo-nentially with sharp increases of up to 456% in the 1990's relative to earlier years (6) . PPIs remain one of the world's most frequently prescribed medications (7) ; concurrently, several studies in the United States and Europe continue to report PPI overuse in the hospital and ambulatory settings. For instance, in the hospital setting, compliance with established PPI prescription guidelines was reported to be as low as 19% (8) . Furthermore, once PPIs are started in-hospital, previous reports show that more than 50% of patients continue to take them 3 to 6 months after discharge (9) (10) (11) .
Although PPIs are generally perceived as safe medications, several reports in the medical literature, mostly case control studies and large population based reports, continue to debate their possible side effects. Laheij et al showed that the adjusted relative risk for community-acquired pneumonia among PPI users compared to non-users is 1.89 (12) . Cunningham et al reported a more than two-fold increase in the odds of contracting Clostridium difficile colitis in the same patient population (13) . In two recent case-control studies (14) (15) (16) , the odds ratio of osteoporosis-related fractures were 1.44 to 2.65 in patients receiving PPI compared to those who are not. Concerns that therapy with PPIs may mask signs of gastric cancer or even induce precursors of intestinal metaplasia have also been raised. However, unlike animal studies, this has not been fully substantiated in humans (17) (18) (19) . Moreover, multiple recent studies have questioned the safety of concomitant use of PPI with Clopidogrel in patients with severe cardiac disease and post-PCI. This is because of the increased incidence of cardiovascular events in this patient population reported in some studies (20) (21) (22) , although data from propensity matched or trial participants failed to show the risk of co-administrating these two classes of drugs (23) .
Therefore, increasing compliance to PPI prescription guidelines seems to be an important step that can potentially decrease both the risk of side effects and healthcare cost. To date, little has been published with regards to specific predictors of non-compliance with PPI prescription guidelines in the hospital as well as the predictors for continuation of such prescriptions upon discharge. Thus, we sought to study those factors among hospitalists, both academic and nonacademic, due to the potentially important role they can play in rectifying the problem.
Methods

Study design and study population
The study population was derived from patients of four hospitalist groups in four teaching medical centers in the state of Maryland: two were academic and two were nonacademic. A hospitalist group was classified as academic if the hospitalists were involved in teaching and research in addition to patient care. Otherwise, the group was classified as non-academic. Academic groups 1 and 2 included 24 and 14 hospitalists respectively, whereas non-academic groups 1 and 2 included 9 and 8 hospitalists respectively.
A total of 100 consecutive PPI prescriptions were reviewed retrospectively in each center. Patients on the hospitalist service, 21 years and older, who received at least one dose of an oral PPI while in one of the four study centers, were identified using the pharmacy database. Patients were excluded if they were taking any kind of gastric acid suppressant before admission to the hospital (antacids, histamine receptor blockers, PPI or cytoprotective agents like sucralfate, misoprostol or bismuth subsalicylate). Once patients were identified, the charts were reviewed to identify the indication for the PPI prescription. When this indication was not explicitly documented, two trained physicians reviewed the whole chart to ascertain if any approved indication applied to the patient. If so, the indication was entered in the database and the prescription was classified as guideline compliant. Otherwise, the prescription was classified as guideline non-compliant and the most likely indication was entered into the database. Both reviewers were blinded to the hospitalist group who treated the patient. In order to minimize inter-observer variability, the reviewers scored 15 charts independently and then went over each chart together. When the scores were different (1 out of 15), they discussed the reasons behind their decision and fine-tuned the algorithm used. PPI prescription guidelines were identified from the Food and Drug Administration (FDA), American Gastroenterological Association (AGA), the American College of Gastroenterology (ACG) and the American Society of Health-System Pharmacists (ASHP) publications and position papers on the topic (24) (25) (26) (27) (Fig. 1) . Demographics as well as other patient characteristics were also collected. A patient was considered at low risk for gastric ulcer bleeding if he/she did not have any of the risk factors that warrant initiation of gastrointestinal ulcer bleeding prophylaxis listed in Fig. 1 . The study was approved by the Johns Hopkins and Medstar institutional review boards.
Outcomes measured
The main outcome of the study was the percent compliance with the PPI guidelines among academic and nonacademic hospitalist groups. The secondary outcome was the identification of independent predictors of both guideline non-compliant PPI initiations in the hospital and PPI continuations upon discharge.
Statistical analysis
Based on the results of a pilot we performed at the four institutions, the study was powered at 80% with an alpha of 0.05 to detect a 15% difference between the academic and non-academic study groups' guideline compliance rates. The former was estimated to be 55% based on the same pilot results. Two-sided statistical tests were performed at an alpha level of 0.05. Fisher exact test and student's t-test were used to compare proportions and means, respectively. Univariate and multivariate logistic regression analyses were used to identify independent predictors of PPI guideline non- compliance among the collected variables as well as PPI presence on the discharge sheet among guideline noncompliant prescriptions. Multivariate logistic regression models included all variables that were statistically significant in unadjusted analyses, were considered clinically important, or whose addition to the models substantially changed the estimates of the effect of other factors. All analyses were conducted using STATA version (11) .
Results
Study Participants Characteristics
Participants were 400 patients, 100 from each medical center. The mean age was 56 years (standard deviation, S.D. =18), and 51% were males. 11% and 22% were receiving PPIs with either anticoagulants or NSAIDS, respectively. 7% of patients had a history of GI bleed. There was no statistically significant difference in the distribution of each variable among academic and non-academic hospitalist groups in the current study, except for mean age (58 years for nonacademic hospitalist patients versus 54 for academic ones, p=0.02) and concurrent use of NSAIDS (38% for nonacademic hospitalist patients vs. 6% for academic ones, p< 0.05).
Compliance with PPI prescription guidelines
Overall, 39% of the total PPI prescriptions initiated in the four centers were compliant with the published guidelines. Prescriptions initiated by academic hospitalists were significantly more likely to be compliant with the guidelines compared to those initiated by non-academic hospitalists included in this study (50% vs 29%, p<0.05) ( Table 1) . Figure 2 summarizes the indications for PPI prescriptions among academic and non-academic hospitalist groups in our study. Among guideline non-compliant prescriptions, gastrointestinal ulcer bleeding prophylaxis (GIP) was the leading indication accounting for 82% of all such prescriptions initiated by academic (63%) and non-academic (96%) hospitalist groups (p<0.05). On the other hand, dyspepsia was the most common indication for all guideline-compliant prescriptions and those initiated by academic hospitalists, while GIP was the leading indication for prescriptions started by nonacademic hospitalists.
Indications for PPI prescriptions
Patients' characteristics for guideline compliant vs. guideline non-compliant prescriptions
Patients who received guideline compliant prescriptions were significantly more likely to have the PPI listed on the discharge medication list and its indication documented in the chart compared to those who received guideline noncompliant prescriptions. Those two populations did not differ with respect to several other collected characteristics, as shown in Table 2 .
Independent predictors of guideline non-compliant PPI prescriptions
Among the different variables tested, only the following three were found to be statistically significant independent predictors of guideline non-compliance when tested individually: concomitant use of anticoagulants (protective effect), prescription being initiated by a non-academic hospitalist group in our study, and PPI indication not documented in the chart (Table 3) . After adjusting for all the other variables, those three factors remained significant independent predictors of non-compliance in addition to concomitant use of non-steroidal anti-inflammatory drugs (NSAIDS) (protective effect) and the presence of a checkbox for GIP order on the admission orderset. 
Independent predictors of PPI presence on the discharge medication list among guideline noncompliant prescriptions
In order to determine which factors independently predicted PPI presence on the discharge medication list among guideline non-compliant prescriptions, single and multivariate logistic regression analysis models were constructed (Table 4). Only the presence of a checkbox for GIP order in the admission orderset was found to be an independent predictor (protective effect) of PPI presence on the discharge medication list. After adjusting for the other variables, the protective effect of the checkbox for GIP order remained significant, and in addition PPI prescription being initiated by a non-academic hospitalist group in the current study became a significant independent predictor.
Discussion
In the current study, the vast majority of PPI prescriptions initiated in the hospital were by non-academic hospitalists and half of those initiated by academic hospitalists were guideline non-compliant. The main indication for noncompliance was GIP for low risk patients. Predictors of noncompliance were PPI indication not documented in the chart, presence of a checkbox for GIP order on the admission orderset and PPI prescription being initiated by a nonacademic hospitalist group. The latter was also an independent predictor of guideline non-compliant PPI prescriptions presence on the discharge medication list.
Several retrospective studies in the United States and Europe examined the PPI prescribing behavior of different provider groups in teaching and non-teaching hospitals and clinics. Our study is the first one to target hospitalists, and to subdivide them into academic and non-academic groups. Hospitalists are a major prescriber group in the hospital setting; therefore, studies aimed at characterizing their prescribing behavior have the potential to inform interventions that can substantially impact PPI utilization. The current study is also among a few which identified independent predictors of initiation of guideline non-compliance and is the first to identify independent predictors of their continuation postdischarge. The rate of guideline compliance among non-academic hospitalists was significantly lower than that of academic hospitalists in this study (29% and 50%, respectively). Both rates were within the range reported by other groups, namely 19% to 78% (8, 10, 11, (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) . GIP in low risk patients has also been identified in other studies as the major reason for non-compliance (38) , in addition to relief of nonspecific abdominal symptoms (33, 35, 39) or indeterminate chest pain (35) , prevention of medication-associated complications (36) and mild forms of gastroesophageal reflux (30) .
Four other studies have attempted to identify independent risk factors for non-compliance (28, 32, 34, 38) , only two of which adjusted for possible confounding variables through multivariate logistic regression and found good functional status, a prescription initiated by a general practitioner, and a history of an endoscopy evaluation (38) as independent predictors of compliance with the PPI prescription guidelines. Age and gender, similar to our results, were not significant independent predictors (28) .
We identified two system-based predictors of noncompliance, namely PPI indication not documented in the chart and checkbox for GIP as part of the admission orderset. Those should therefore be a focus for quality improvement projects aimed at PPI prescription compliance. We also identified for the first time two factors that increase compliance, namely concomitant use of anticoagulants and NSAIDS. Those, along with the other factors listed in Table 4, can be used for cost-effectiveness analysis and intervention feasibility when planning such quality improvement projects.
Further, our results suggest that understanding the reason behind the increased compliance among academic hospitalists in our study compared to non-academic hospitalists is instrumental for designing effective interventions aimed at decreasing improper PPI use in the hospital. We have shown that this difference is independent of many variables listed in Table 4 . Specifically, it persisted even after adjusting for patients' age and concomitant use of NSAIDS (both variables were statistically significantly different between the two types of hospitalists). For both types of hospitalist groups, correcting the behavior towards GIP seems to be the most important intervention as it accounted for 82% of guideline non-compliant prescriptions. This intervention seems to be even more important for non-academic hospitalist groups, since GIP accounted for almost all (96%) guideline non-compliant prescriptions. Other potential interventions would be mandating documentation of the reason/indication for PPI use on admission and elimination of the check box for GIP on the admission orderset when present. The latter intervention, however, might have the unintended effect of increasing guideline non-compliant PPI prescriptions present on the discharge medication list as discussed below.
Continuation of guideline non-compliant PPI prescriptions after discharge was documented previously at rates of 50 to 65% on day 1 (9-11), 46% 3 months post discharge (11) and 71% 6 months post discharge (10) . We have shown that guideline non-compliant PPI prescriptions are continued at an unacceptable rate (28%), which remains however lower than that of the guideline compliant prescriptions (56%) or that reported in the other above-mentioned studies. The only risk factor we identified is prescriptions written by nonacademic hospitalist groups. This emphasizes the importance of identifying the factors behind the difference in behavior between the two hospitalist groups in the current study to derive intervention plans. On the other hand, we identified the presence of a checkbox for GIP on the admission orderset as a protective factor. This might be because it reminded the discharging physician that the PPI was started specifically for GIP, and thus needed to be discontinued. Therefore, interventions aimed at removing the checkbox when present will have a dual effect: a decrease in noncompliance with PPI prescription guidelines as well as an increase in continuation of guideline non-compliant prescriptions after discharge. We expect the net effect to be a decrease in guideline non-compliant prescriptions being continued after discharge, because of the reduction in the overall non-compliant prescriptions available to be continued post discharge. Quality improvement project designers could consider coupling this intervention with one aimed at reminding the discharging physician to stop a PPI if it is noncompliant with the guidelines to increase its overall effectiveness. Handoffs between providers did not seem to be an important factor in discontinuation of guideline noncompliant PPI prescription post discharge, as the three variables measuring handoffs (attending of records started PPI, number of providers per admission, patient discharged by admitting team) were not statistically significant predictors. The current study has several limitations. First, being retrospective in nature, we had to infer indications from the chart when they were not clearly stated. We counted the prescription as compliant if any approved indication applied to the patient. As the prescribing provider could have started the PPI for another, guideline non-compliant indication, inferring indications this way could have resulted in underestimation of the rate of guideline non-compliance, and therefore numbers presented here are a conservative estimate. Second, it could be argued that the results were biased by the prescribing habits of a relatively small number of physicians; however, all members in each hospitalist group contributed to initiating PPI prescriptions. In addition, each patient was seen by an average of 3 hospitalists during the hospital stay, giving each hospitalist the chance to stop the PPI even if he/she did not start it. Furthermore, our study results are consistent with those of previously published ones with several different designs. Third, our study population is derived from teaching centers in the state of Maryland, and therefore the results above might not apply to other types of centers in other states. Our method though, when applied to those types of centers, should lead to center specific results that can inform center specific interventions.
Conclusion
Despite more than a decade of literature addressing this issue, PPI over-prescription is still prevalent in the hospital setting in many countries in Europe and the United States. In the current study, non-academic hospitalists complied less with PPI prescription guidelines compared to academic ones, and it is the first to address the specific predictors of guideline non-compliant PPI prescription initiation and subsequent continuation upon discharge. The main indication for non-compliance was GIP for low risk patients. Predictors of non-compliance were PPI indication not documented in the chart, presence of a checkbox for GIP order in the admission orderset and PPI prescription being initiated by a nonacademic hospitalist group in our study. The latter is also an independent predictor of guideline non-compliant PPI prescriptions presence on the discharge medication list. Quality and safety improvement interventions are needed to reduce the excess cost and potential harm from PPI, and should target the factors listed above.
